The scientific paper output of the United Nations University (UNU) was bibliometrically analysed. It was found that (i) a noticeable continous paper output starts in 1995, (ii) about 65% of the research papers have been published as international cooperations and 18% as single-authored papers, (iv) the research papers rank above world average according to Pudovkin-Garfield Percentile Rank Index, and (v) papers' content indicate the wide variety of scientific topics UNU has been and is working on.
Introduction
The General Assembly of the United Nations formally established the United Nations University -UNU -in 1972 and approved the University Charter and Resolution in December 1973. UNU's academic work was launched in September 1975 (UNU, 2016a) .
On UNU's website it is stated: "The mission of the UN University is to contribute, through collaborative research and education, to efforts to resolve the pressing global problems of human survival, development and welfare that are the concern of the United * Member of the Ernst-Reuter-Gesellschaft der Freunde, Förderer und Ehemaligen der Freien Universität Berlin e.V.
† Former (now retired) employee of the Medical Library of the Free University Berlin and the Charité Berlin.
‡ Radebeul, Germany, johannes.stegmann@fu-berlin.de Nations, its Peoples and Member States." (UNU, 2016b) . In addition, article I, paragraph 2 of the University Charter states: "The University shall devote its work to research into the pressing global problems of human survival, development and welfare that are the concern of the United Nations and its agencies, with due attention to the social sciences and the humanities as well as natural sciences, pure and applied." (UNU, 2016c) .
In practice, UNU faces three main tasks: (i) to perform interdisciplinary research to cope with imperative global problems; (ii) acting as a "think tank" transferring research results into concrete operation instructions (recommendations) for the United Nations (UN) and its member states; and (iii) to establish and execute postgraduate trainings. All three tasks are, of course, dependent of and intertwined with the necessity of providing and developing appropriate capacities and facilities (UNU, 2016d) .
It is certainly of interest to analyse UNU's scientific acitivities from a bibliometric point of view, i.e. (i) to investigate UNU's overall productivity and citation performance, (ii) to determine UNU's degree of interdisciplinarity and (international) cooperation, and (iii) to have a look at the thematic subjects UNU is dealing with.
The bibliometric investigation presented here uses publication and citation data from the Web of Science database (WoS). It is therefore restricted to papers published in scientific journals indexed in the WoS.
Methods

Retrieval, download
Papers were retrieved and downloaded with all bibliographic data from the Web of Science (WoS) on October 11, 2016, using an appropriate UNU-specific address search profile.
For the analysis of UNU's paper output and its distribution to different document types all retrieved records were included. UNU's' research was analysed from research-relevant papers only, i.e. papers indexed as ARTICLE, PROCEEDINGS PAPER, or REVIEW.
Citation performance
The citation performance of UNU's papers was measured applying the Percentile Rank Index (PRI) developed by Pudovkin and Garfield (Pudovkin and Garfield, 2009 ). This version of a percentile rank index was called PG-PRI (Stegmann, 2014) . Because no other PRI methods are involved here, "PG-PRI" and "PRI" are used synonymously.
For the PG-PRI calculation of an individual paper its citation rank among its "paper peers" must be determined. Therefore, the citation data of all papers of the same document type published in the same journal in the same year are required, i.e. the respected journal-year pairs had to be retrieved and downloaded from the WoS which was done between the 13 th and 16 th October 2016. PG-PRIs of UNU papers were calculated only for papers of the document type ARTICLE published prior to 2014.
The calculation of PG-PRI and determination of the global (expected) average PRI have been described (Pudovkin and Garfield, 2009 , Pudovkin et al., 2012 , Stegmann, 2014 . Briefly, after determination of the position (citation rank) of a paper in the corresponding paper set (the year volume of the respective journal), its PG-PRI value was calculated according to the formula
where N is the number of papers in the year set of the journal and R is the citation rank of the paper. R=1
is the top rank (most cited paper) with PRI=100. For determination of the global (expected) average PRI the UNU articles were ordered according to the number of papers published in the corresponding journalyear set. The average PRI was calculated according to the formula
where N is the number of papers published in the journal-year pair at the median position of the ordered set.
Research diversity
To measure the diversity of UNU's research Shannon's entropy formula (also known as Shannon Diversity Index) (Shannon, 1949, p. 681 ) was applied to journals, scientific (sub)fields (WoS categories), and keywords of UNU's research papers. The entropy (diversity) H is calculated according to the formula
where S is the number of species (species richness) (e.g., journals), n i the number of individuals in species i (the abundance of species i, i.e. the number of papers in journal i), N the total number of all individuals (papers), and p i the relative abundance of species (journal) i, calculated as the proportion of individuals (papers) of species (journal) i to the total number of individuals (papers). ln is the natural logarithm. The maximal diversity is equal to the logarithm of S:
Research topics
To identify the topics of UNU's research the WoS subject categories (record field SC) to which the publishing journals are assigned and the keywords (record field DE: author keywords, record field ID: keyword plus R , assigned during the indexing process) were extracted and analysed. For cluster analysis of keywords the co-word analysis technique described by Callon et al. (1991) was applied. A detailed description of the algorithm can be found in Stegmann and Grohmann (2003) . The same thresholds were applied as in Stegmann (2014) , i.e. a minimal frequency of 4 ((occurrence of a keyword in at least 4 records), a minimal cosine similarity of 0.2, and a minimal (maximal) cluster size of 3 (10) distinct keywords. To label a cluster (besides its number) the keywords contained in it were ranked according to the product of link strengths (cosine values) and frequency; the keyword with the highest product was selected as cluster name (Stegmann, 2014) .
Programming, calculations
Extraction of record field contents, clustering, data analysis, calculations and visualisation were done using homemade programs and scripts for perl (version 5.14.2) and the software package R version 3.2.3 (R Core Team, 2015) . All operations were performed on a commercial PC run under Ubuntu version 12.04 LTS.
3 Results and Discussion 3.1 Output Figure 1 shows UN's paper output. A total of 1314 papers were retrieved and downloaded from the WoS. Although UNU's academic work began in 1975 (see Introduction), a continous paper output seems to start only after 1995. One reason may be that it certainly takes some time until freshly founded academic institutions are able to do real research apart from administrative and management tasks such as recruitment of staff and purchase of necessary equipment. Another reason might be that initially UNU's researcher perhaps did not use in their paper publications an UNU-specific institutional address with the consequence that those papers cannot be found by an UNU-specific address search in the WoS. On UNU's website publications are listed from 1994 onward ((UNU, 2016e). A quick survey of the years 1994 and 1995 reveals that many of the papers are "research memoranda" and have not been published in regular scientific journal. In the more recent years, however, UNU's paper output is strongly increasing, culminating for now in nearly 200 papers published in 2015 (Figure 1 ). 5.19% proceedings papers, 4.3% reviews, 2.7% book reviews, 3.1% other).
More than three-fourths of UNU's paper output are of document type ARTICLE (Figure 1 ), indicating a strong research orientation of UNU's institutes.
Citation performance (PG-PRI)
For the analysis of the international standing of UNU's research articles the percentile rank indexing method of Pudovkin and Garfield (2009) was applied (PG-PRI, see Methods). 652 articles published be-fore 2013 * were found. They are distributed to 569 journal-year article sets. These sets were retrieved, and the articles of each set were ranked according to the number of cites they had received at the time of retrieval (see Methods). Thus, the citation rank of each of the 652 UNU articles was determined. Fig Table 1 ). The average PRI of UNU's articles is 55.1 ((sum of PRI values divided by the number of papers), likewise considerably higher than the global mean. Table 1 lists some PRI ranges. Nearly 56% of the papers have PRI values above the global mean.
From the data in Figure 2 and Table 1 it is concluded that UNU's research perform well above the average of comparable world research.
Research output
In this section, UNU's research output is analysed, i.e. all 1141 UNU papers which were indexed as AR-TICLE, PROCEEDINGS PAPER, or REVIEW and could be retrieved and downloaded from the WoS on October 11, 2016 (see Methods).
Authorship and cooperation
Figure 3 displays different authorship and cooperation types. The majority of UNU's research papers is multi-authored and published as national (17%) or international cooperations (65%). About 18% of the papers have only one author. This value seems to be rather high because one should expect all UNU research papers to be multi-authored, cooperation being a dedicated goal of UNU's activities (see Introduction). To give an example, only 4.1% of the research papers of he University Centre in Svalbard are single-authored (Stegmann, 2014) . A closer look at UNU's single-authored papers, however, did not reveal any peculiarities, such as predominance of specific topics or publication years (data not shown). For completeness, Figure 3 displays also the citation rates of the different paper sets although recent papers certainly are not (yet) or very little cited. But it seems to be clear that papers published as international cooperation (i.e. published by authors from different countries) have in general higher citation rates, a well known phenomenon in bibliometrics (Narin et al., 1991 , Katz and Hicks, 1997 , Glaenzel, 2001 , Stegmann and Grohmann, 2005 , 2006 . 
UNU cities
UNU's research is performed within the framework of several institutes and programmes located around the world. The current state of UNU's activities is published on UNU's website (UNU, 2016f). UNU seems to be in permanent developmental and (re-)structuring processes, including establishment of new, re-start or re-orientation and even closedown of existing institutes and programmes (UNU, 2016g). Thus, a bibliometric analysis may only partially reflect the present situation of UNU's research infrastructure. Initially, it was planned to relate the papers to UNU's labeled research activities, like "UNU-WIDER" or "UNU-MERIT" (see UNU, 2016f). However, numerous papers carry as UNUspecific address strings like "UNITED NATIONS UNIV", followed by a city name but not a definite institute or programm designation. Thus, Table 2 relates UNU's research papers to "UNU cities", i.e. cities which harbor UNU institutes and/or programmes. A threshold of one percent of the research papers was applied. Eleven cities were found. Cities not included but being mentioned on UNU's website (UNU, 2016f) may have become an UNU location only recently. Vice versa, cities mentioned in Table 2 but not appearing on UNU's website (UNU, 2016f) harbor either cooperating (with UNU) institutions or hosted moved or closed-down UNU institutions. In fact, UNU's website obviously reflect only the present state of UNU activities. Former activities can be found in UNU's Annual Reports (UNU, 2016h).
Research diversity
UNU's research seems to be fairly diversified. The 1141 research papers have been published in 527 journals in 88 WoS categories (scientific subfields). The average is about 2 papers per journal or 13 papers per subfield. The total number of keywords is 5232, i.e. on the average, each paper was classified by 4-5 keywords. Table 3 shows the diversity indexes calculated for journals, categories, and keywords applying Shannon's diversity formula (see Methods). The diversity indexes of journals and keywords nearly reach the maximum. The reduction of the number of keywords by the clustering process does not significantly change their diversity; it is even slightly higher (see Table 3 ). Table 4 lists the 18 journals with 10 or more UNU papers. To show the international standing of the journals their actual (2015) impact factor is mentioned. From Table 4 it is clear that none of the journals is predominant, hence the large diversity (see Table 3 ). Table 5 list the 10 WoS categories with at least 50 UNU papers. Here the two categories ENVIRON-MENTAL SCIENCES ECOLOGY and BUSINESS ECONOMICS predominate with (both together) more than 50% of the UNU's research papers, hence the subfield diversity is not so pronounced (see Table 3 ).
Centrality-density diagram
Whereas the keyword diversity seems to be fairly high, one must consider that WoS' keyword system is not a controlled vocabulary like MESH † So, there may be different terms representing the same concept(s)
‡ . Therefore, a cluster analysis of the keyword set was performed. In principle, a cluster analysis should assemble terms with mutual tight connections into the same clusters which then represent concise concepts. Applying the thresholds mentioned in the Methods section during the clustering process reduced the number of keywords to 341 which were collated to 41 clusters, each containing 3 to 10 terms (see Methods), representing 819 distinct papers. The strong reduction of the number of keywords does not affect their diversity (see above and Table 3 ) which also indicates a diversified research landscape of UNU. Figure 4 displays the clusters in the form of a centrality-density diagram (Callon et al., 1991) . Centrality means the strength of links between clusters, density means the strength of the links between cluster members. The clusters are distributed to four quadrants by the medians of density and centrality. The clusters below median density have less and/or weaker internal links, the clusters to the left of median centrality have less and/or weaker external links.
Theoretically, the diagram displays in its right half † MESH = Medical Subject Headings is MEDLINE's hierarchichal thesaurus.
‡ see also some cluster terms in Tables 6-9 "central" topics. i.e. subjects with strong or many links to other topics (clusters). In the upper half the topics are "dense", i.e. the keywords constituting a topic are mutually strongly linked but do not have necessarily many or strong links outside the cluster.
In the left and lower parts of the diagram subjects developing to more centrality and/or density are displayed. This clustering technique was shaped in order to visualise the different developmental stages of well defined research topics (Callon et al., 1991) . But although we here deal with UNU's rather diverse research areas (see above and UNU, 2016b), the centrality-density clustering method scatters UNU's research topics over the whole diagram. The clusters of Figure 4 represent different research topics, not only subtopics of a main research theme.
Research topics
Tables 6, 7, 8 and 9 list all clusters with their keywords. Table 6 and Table 7 show the clusters of the upper half (containing the two quadrants above median density) of Figure 4 , Table 8 and Table 9 of the lower half (the two quadrants below or equal to median density). Table 6 and Table 8 display the clusters of the left half (the two quadrants below or equal to median centrality) of Figure 4 , Table 7 and  Table 9 of the right half (the two quadrants above median centrality).
Surveying the clusters quickly reveals that in most clusters terms (keywords) are assembled which are judged intuitively as belonging together and constituing a research topic. Tables 6-9 also indicate the number of distinct papers in which the terms of a cluster occur. Likewise, the number of papers containing the terms of all clusters of each of the four quadrants formed by the median lines of density and centrality (Figure 4 ) are given (see Tables 6 , 7, 8, 9) .
The clusters listed in Table 6 deal with gas emissions, economic subjects, land (mis)management and politics. Table 7 lists a bundle of different topics, ranging from cancer to ecology, biodiversity, water quality and climate change. The clusters shown in Table 8 deal with (un)employment,poverty, migra- Table 9 deal with social ecology, models, disease issues, air pollution, soil erosion, water resources. All of the topics listed in Tables 6-9 obviously mark and identify (global) problem areas which are not only worthwhile to be worked on but also demand, on one hand, immediate (political) actions in order to prevent irreversible damages of existing social and ecologic systems, and on the other hand, require amply research efforts for sustainable problem solutions.
From the research diversity results (see above) and the journal, subfield and keyword data shown in Table 3-9 and Figure 4 one certainly may draw the conclusion that UNU is engaged in research on sustainability, environment, economics, public administration, and many other topics. The question arises, however, whether UNU has a sustained basis for adequate research in so many fields, a problem addressed in UNU's strategic plan 2015 -2019 .
Conclusion
The bibliometric analysis presented in this paper has asserted that the United Nations University (UNU) performs high-level research well above world average in a wide variety of research subjects dealing with global problem areas challenging for immediate and sustainable solutions. It has also be found that the degree of UNU's (international) research cooperations -mirrored in the proportion of single-and multi-authored research papers -is certainly developable.
